globin F in front of Haemoglobin S. Good separation was also obtained on agar-gel electrophoresis pH6 according to Robinson, Robson, Harrison and Zuelzer (1957) . Hybridization was performed with canine haemoglobin, using the micro-technique of Huehns, Shooter, and Beaven (1962) . The haemoglobin was isolated by eluting it after paper electrophoresis, concentrating it in vacuo, and re-electrophoresing twice to remove all traces of Hb A. " Fingerprints " were prepared according to Ingram (1958) and Baglioni (1961) .
Case 1
The 24-year-old propositus, C. R., a housewife and four months pregnant, had been under investigation in the Royal Infirmary, Glasgow, for repeated episodes of mild jaundice and anaemia, often provoked by minor infection, and associated with lethargy, pallor, and the passage of dark urine, since the age of 9. Palpable splenomegaly was noted at that time. Her haemoglobin was then 80% and reticulocytes 6%, and the osmotic fragility of the red cells was normal. Her father was known to be similarly affected and underwent splenectomy in 1950. She was therefore regarded as suffering from a form of hereditary non-spherocytic haemolytic anaemia.
During the present admission the tip of the spleen could be palpated 5 cm. below the costal margin. Otherwise no abnormality was noted on clinical examination. No history of drug ingestion was elicited. Examination of the blood showed: Hb 92% (100%= 14.6 g.); P.C.V. 45%; M.C.H.C. 29.75% ; reticulocytes 7 %; white-cell count 5,000/c.mm.; platelets 75,000/c.mm.; median corpuscular fragility (M.C.F.) 0.46% ; Hb F less than 1% ; glucose-6-phosphate dehydrogenase activity present; autohaemolysis without glucose at 48 hours 3.7%, with glucose at 48 hours 2.2% (normal 0.4%-4.5% and 0.3 %-0.4% respectively); sickling not demon- anisopoikilocytosis and slight microcytosis; neither target cells nor irregularly contracted cells were a feature, and inclusion bodies were not found in Romanowsky-stained films. Examination of the bonemarrow revealed hyperplastic normoblastic erythropoiesis with no other remarkable feature.
The abnormal haemoglobin amounted to about 10% of the total (Fig. 2) , and its presence could also be shown on paper vloo~h~vfW;dV ;2 eiec~uuprouresis krig. ' Enzyme studies gave the following results; glucose consumption 2.5 jsmol/ml. cells/hour; glucose-6-phosphate dehydrogenase 3.25 units/ml. cells/minute; pyruvate kinase 0.9 unit/ml. cells/minute; glutathione reductase 0.75 unit/ml. cells/minute; methaemoglobin reductase 0.002 units/minute. These rather elevated values are thought to be due to the presence of a young erythrocyte population.
In vitro production of methaemoglobin was increased, the concentration after 18 hours' incubation being 17.3% of the total haemoglobin present (normal range 0-2.4%). The heat precipitability of a haemolysate from the patient was determined (Dacie et al., 1964) Fig. 5 ). Methaemoglobin production was not determined quantitatively, but was of the same order as in C. R. and C. H. Sternal-marrow. examination showed an absence of stainable bron, and normoblastic erythroid hyperplasia. The myeloid series was normal, and although a slight increase in megakaryocytes was present this was not as great as would be expected in idiopathic thrombocytopenic purpura. Electrophoresis of BhMs form of hereditary haemolytic anaemia. Osmotic fragility of the red cells following incubation at 37°C. for 24 hours was decreased in B. H. (Case 2), and also in C. R. (Case 1) and S.H., both of whom had undergone splenectomy when this investigation was performed (see Table III the haemoglobin in starch gel revealed the same abnormality as was found in Case 1, and the heat-precipitable fraction was also demonstrated (Table 1) .
% Family Studies
The family tree is presented in Fig. 6 . of the propositus was German.
A great-grandfather Those members of the family designated " dead and affected" are so described on the basis of the history given by surviving relatives. All the affected relatives examined so far give a history similar to that of the propositus, and their blood fixidings are given in Table II . In general the findings in the affected members are those of a well-compensated, moderately severe haemolytic anaemia, but it will be noted that the M.C.H.C. was consistently reduced and that the majority (7/3) were males, making it seem very unlikely that this would be due to concomitant iron deficiency. The M.C.F. was slightly raised in only one individual. In all others it was elther normal or reduced. While the reason for this variability was not clear, it was evident that the family suffered from a non-spherocytc in fragility is sometimes seen in the type I non-spherocytip haemolytic anaemia of Selwyn and Dacie (1954) (Dacie, 1960) .
The amount of abnormal haemoglobin present was similar from one subject to another. The four youngest affected showed a distinct increase in the concentration of Hb F; We are unable to assess the biochemical significance of the dipyrrolic type of urinary pigment present in the urine of the propositus and her unsplenectomized brother (C.H.), but presumably it represents a breakdown product of the abnormal haemoglobin fraction. BarLr MEDICAL JOURNAL " core I of the haelobin molecule, which is that part which usually remains insoluble after tryptic digestion according to Ingram (1958) and Baglioni (1961) . It is therefore possible to place the abnormality as somewhere between residues 83 to 120 of the 146 constituting the /3-chain.
At this time we began to investigate a sample of Hb Koln kindly sent us by Professor W. Pribilla. Hb Koin turned out to be identical in every respect with the haemoglobin of the Glasgow family, which has German ancestry. The electrophoretic properties were the same, the abnormality could be localized to the /l-chain, and finally the fingerprint showed the same histidine-containing abnormal peptide as the haemoglobin from the Glasgow family. We conclude, therefore, that the haemoglobin described in this paper is Hb Koln.
Nature of the Abnormal Haemoglobin
As the small fraction found in the affected members of this family resembled in some aspects Haemoglobin Lepore, peptide chromatograms were prepared according to Ingram (1958) and Baglioni (1961) of this haemoglobin, Hb A2, and Hb A. Hb Lepore contains part of the 8-chain (see Huisman, 1963) of Hb A2 (a282). The peptide chromatograms of the present abnormal haemoglobin showed peptides typical of Hb A, and none of these characteristic of Hb A2 or of Hb Lepore. The fltra-violet spectrum and the peptide chromatogram also showed none of the features of Hb F. Hence we considered the new haemoglobin to be a variant of Hb A. On several occasions we noted that the Hb A2 was "split" into two fractions. Both were isolated separately and both gave the identical peptide pattern of Hb A2 on tryptic digestion followed by electrophoresis and chromatography. Itano and Robinson's (1959) hybridization with canine haemoglobin (according to Huehns et al., 1962) demonstrated that the abnormality in the haemoglobin under investigation was in the 8-chain (Fig. 7) . On prolonged digestion with a trypsin preparation containing traces of chymotrypsin we regularly obtained an additional histidine-containing peptide in the "fingerprint" (Fig. 8) 
Discussion
Heterozygotes for a specific haemoglobin abnormality seldom present as cases of frank haemolytic anaemia. Indeed, so far, this has been recognized only in the case of Haemoglobin Zurich (Frick et al., 1962) , and Haemoglobin MChicago (Josephson, Weinstein, Yakulis, Singer, and Heller, 1962) . The Lepore trait is occasionally associated with a mild haemolytic anaemia (Fessas, Stamatoyannopoulos, and Karaklis, 1962; Barkan, Stevenson, Pinker, Dance, and Shooter, 1964) , and rarely somewhat more severe cases have been seen (Fdssas, personal comrmunication) . Possibly some alleged instances of Hb Lepore with really severe haemolytic anaemia have the same form of haemoglobin abnormality present in our family. For example, Pribilla (1962) and Huisman (1963) considered Hb Koln as a possible 8-chain and possibly a Lepore abnormality.
When a haemoglobinopathy presents in this way it will be classified among the congenital or familial non-spherocytic haemolytic anaemias, and when further characterization is attempted using the autohaemolysis techniques of Selwyn and Dacie (1954) it may be that such cases will, as our family did, fail to fit into either type I or II of that classification. In any event, it is clear from our experience that search for an abnormal haemoglobin is, an appropriate investigation in such patients.
Presentation of a heterozygote for an abnormal haemoglobin with thrombocytopenia and a haemorrhagic state (Case 2) is, we believe, unique. The affected members of the family in general (see Table II Table IV ) the bodies have been visible in Romanowsky-stained films.
Of the further investigations which might be of taxonomic value, heat-precipitability of the haemoglobin, a striking characteristic of Dacie's cases, was clearly demonstrable and would seem likely to prove of value in the diagnosis of familial Heinz-body anaemia before splenectomy. Excessive liability to methaemoglobin production on incubation was also a feature and the incubated blood showed Heinz body formation as Dacie et al. (1964) also observed. Hb Koln shows a greater liability to Heinz-body formation on incubation than does the abnormal haemoglobin present in the cases of Dacie et al. (1964) and is clearly of a different nature in that the " fingerprint" in the report by Dacie is stated to be normal. It is of interest that Hb Zurich, which appears to undergo degradation readily with the formation of Heinz bodies when sulphonamides are ingested, also shows this excessive liability to form methaemoglobin. The abnormality responsible for Hb Koin lies in a "core " peptide as in Hb Zurich and the M haemoglobins also; these peptides are adjacent to the haem " plate " in the haemoglobin molecule, and this position presumably determines the instability and excessive liability to methaemoglobin production shown by an abnormal haemoglobin of this form. While this development of methaemoglobin on incubation may therefore prove a useful feature in the characterization of " new " haemoglobins by indicating the likelihood of an abnormality in the "core," the concomitant appearance of Heinz bodies within the cells may be found to be an even simpler indication of the presence of a " core " type abnormal haemoglobin, and so may prove useful in the diagnosis of hereditary Heinz-body anemia; but further observations on other families will be required to assess this.
Summary
An abnormal haemoglobin (Hb K6ln) has been observed in 10 members of a Glasgow family of remote German ancestry.
Possession of this haemoglobin variant results in a form of hereditary Heinz-body anaemia and thrombocytopenia.
